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Abstract 
In order to evaluate the effect of polyphosphonic acid used as a stabilizer on the hydrogen peroxide, VSP2 (Vent Sizing Package 
2 ) was employed to carry out the thermal runaway reaction for the various concentrations of Amino Trimethylene Phosphonic 
Acid(ATMP) with hydrogen peroxide (H2O2) and H2O2 mixes with 100 ppm Fe3+, respectively. Thermodynamic parameters were 
recorded under the adiabatic condition, and the time to the maximum rate TMRad at 25 ć was obtained from the dynamics data. 
The results indicated that polyphosphonic acid could restrain the effect of temperature and Fe3+ on the catalytic decomposition of 
H2O2, and reduced the risk of thermal runaway significantly. The initial decomposition temperature T0 of H2O2 rises as the 
concentration of ATMP increases but stops rising when the concentration exceeds 400ppm. In the environment of 400ppm 
ATMP, it was discovered that T0 of H2O2 increased from 50 ć to 115 ć. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of scientific committee of Beijing Institute of Technology. 
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1. Introduction 
Hydrogen peroxide is widely used in industrial production because of its friendly environmental 
characteristics[1]. However, as a reactive chemical, H2O2 tends to cause fire and explosion as it may produce gas 
and heat with self-reaction in its production, storage and transportation. In the early 1980s, a spontaneous 
combustion accident occurred, at a temperature of 2 ć, to the open-air storage of H2O2 at a warehousing company 
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in Beijing, China[2]. Metal impurities, temperature changes and other factors often cause industrial H2O2 to 
decompose and produce heat and thus have negative influence on its production, storage and application. So 
stabilizers must be added to restrain its catalytic decomposition[3]. 
So far, scholars have done a lot of research on the compatibility of H2O2 with organic solvent, acid base, and 
metal impurities. Shousheng Yang etc.[4] studied the exothermic decomposition process of H2O2 and its mixtures 
with different kind of alcohol by means of Accelerating Rate Calorimeter (ARC), which showed that alcohol could 
reduce the thermal stability of H2O2. Feng Sun etc.[5] studied the thermal behavior of H2O2 with different Fe3 + mass 
fraction and obtained the safety critical mass fraction values of Fe3+ under the common environmental condition. 
Papadaki etc.[6] studied the thermal decomposition of H2O2 in different conditions of temperature, concentration 
and catalyst and provided models of thermal runaway in both vented and closed systems. Many monographs and 
reports[5-7] mentioned that stabilizers should be added to improve the stability of the H2O2, in a way to dampen the 
temperature or reduce catalysis of the metal impurities. But there is little literature on experimental studies of 
stabilizers and H2O2. In 1979, East China Institute of Chemical Technology and Shanghai Taopu chemical plant[8] 
carried out an experimental study about organic phosphate (ATMP, etc.) as a hydrogen peroxide stabilizer. They 
studied the different concentrations of organic phosphate in inhibiting metal ions from decomposing H2O2. However, 
this study analysis the only change of decomposition rate of H2O2 with the change of the concentrations of Fe3+ and 
ATMP, and did not analyze the characterization of thermal hazard in real situations. So this paper studies the 
adiabatic decomposition characteristic and the dynamic characteristic of H2O2 with ATMP as a stabilizer under the 
adiabatic condition and has obtained the relevant thermodynamic parameters and dynamic parameters, with the aim 
of providing basic data for effective assessment and control of runaway risks of reactive chemicals. 
2. Experiment 
2.1. Samples 
Hydrogen peroxide, mass fraction of 30%, AR, Sinopharm Chemical Reagent Co., Ltd. FeCl3·6H2O, AR, 
content≥99%, Sinopharm Chemical Reagent Co., Ltd. Amino methyl phosphate (ATMP), mass fraction of 50% , 
Aladdin reagent. 
2.2. Instrument 
VSP2 is produced by American Fauske & Associates (FAI). It can be used to obtain thermokinetic parameters 
and thermal hazard characterization parameters [9-11]. Two kinds of sample test pool, closed and vented, can be 
used for different types of calorimetric experiments. The test pool is located inside the reaction kettle, in-between 
space filled with heat insulation cotton. Since the thermal inertia of the test pool is low (close to 1), it can be 
enlarged to industrial size directly without tedious correctiove calculations. 
2.3. Mthod 
Experimental design is shown in Table 1. 
The mass of the test pool was 39 g, the specific heat capacity was 0.427 J/(g·K). The thermal specific heat 
capacity of  hydrogen peroxide was 4 J/(g·K). 
Thermal inertia factor was calculated[12] by Eq. (1).     
 
S VS Vb
S VS
b= m c m cm c)

                                                                               (1)
 
where cvs is the average specific heat capacity of reactant, J·g-1·K-1; cvb is the average specific heat capacity of test 
pool, J·g-1·K-1; ms is the mass of the initial reactants, g; mb is the mass of test pool, g. 
So the thermal inertia factor Ф=1.1 was obtained. 
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Table 1. Experimental design. 
number Test  
pool 
type 
H2O2 
concentration 
ATMP 
concentrat
ion//ppm 
Fe3+/ppm number Test  
pool 
type 
H2O2 
concentration 
ATMP 
concentrat
ion/ppm 
Fe3+/ppm 
1 closed 15% 0 0 8 vented 27.5% 200 0 
2 closed 15% 100 0 9 vented 27.5% 300 0 
3 closed 15% 0 100 10 vented 27.5% 400 0 
4 closed 15% 100 100 11 vented 27.5% 0 100 
5 closed 15% 200 100 12 vented 27.5% 100 100 
6 vented 27.5% 0 0 13 vented 27.5% 200 100 
7 vented 27.5% 100 0 14 vented 27.5% 300 100 
3. Result and discussion 
The risk of thermal runaway is caused by an exothermic reaction going out of control and its consequences. It can 
be evaluated from two aspects: severity and possibility. The adiabatic temperature rise as a criterion for evaluating 
severity is often used. The possibility of chemical risk can be evaluated through the time scale of T0 and TMRad[13]. 
T0 of the exothermic reaction refers to the lowest temperature for an exothermic reaction to occur under a certain 
condition. This parameter reflects the degree of difficulty of the exothermic reaction for reactive substances. The 
higher exothermic onset temperature, the more difficult the exothermic reaction[2]. TMRad under the adiabatic 
condition provides important basis for judging the possibility of thermal runaway and it is a very important 
parameter in thermal hazard assessment[14].  
3.1. The adiabatic decomposition parameters 
3.1.1. Organic phosphate inhibition of hydrogen peroxide decomposition against the effect of temperature 
Temperature is one of the important factors in the decomposition of hydrogen peroxide. According to Van't 
Hoff's law, as temperature rises by 10 K, decomposition rate will increase to 2-4 times of the original rate.  Fig. 1 
shows the curves of temperature versus time and pressure versus time for adiabatic decomposition of H2O2 with the 
addition of stabilizers. Table 2 shows the Calorimetric data from the adiabatic experiments on H2O2 mixes with 
stabilizers. 
As shown in Table 2, the initial exothermic decomposition temperature T0 of 15% H2O2 is 50 ć; when H2O2 
mixes with ATMP, T0 increases to 80 ć. Stabilizers can greatly raise exothermic onset temperature of H2O2. 
As shown in Table 2, 15% hydrogen peroxide’s maximum temperature rate is 52 ć/min and the maximum 
pressure rate is 3.95 MPa/min. Under the influence of ATMP, the values increase to 72 ć/min and 6.22 MPa/min 
respectively. 
Table 2. Calorimetric data from the adiabatic experiments on hydrogen peroxide mixes with stabilizers. 
sample T0/ć Tmaxć ᇞ Tad/ć (dT/dt)max/(ć. min-1) Pmax/MPa (dP/dt)max/(MPa.min-1) 
15% H2O2 50 140 90 52 4.11 3.95 
15% H2O2+100ppmATMP 80 169 89 72 4.93 6.22 
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Fig. 1. Curves of temperature versus time and pressure versus time for adiabatic decomposition of hydrogen peroxide with stabilizers. 
At a low temperature, H2O2 catalytic decomposition reaction is very slow and the release rate of heat is so low 
that VSP2 is not sensitive enough to detect it. The concentration of H2O2 decreases gradually in the process, which 
leads to the extension of reaction time and slows down the growth rate of temperature and pressure. Because ATMP 
has inhibitory effect on H2O2 decomposition, slow decomposition reaction of H2O2 could not occur at the low 
temperature. Then the adiabatic decomposition process can be finished in a short time once the temperature rises, 
causing higher maximum pressure rate and higher maximum temperature rate. 
    Table 3 and Fig. 2 show the impact of various concentrations of ATMP on the T0 of H2O2. 
Table 3. The impact of various concentrations of ATMP on the T0 of H2O2. 
sample (back pressure 3MPa) 
27.5%H2O2 
0ppm 100ppm 200ppm 300ppm 400ppm 
T0/ć 50 80 100 110 115 
 
 
Fig. 2. The impact of various concentrations of ATMP on the T0 of H2O2. 
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Fig. 2 shows that T0 of samples increases with the increased concentration of ATMP, and T0 increase slows down 
gradually on the basis of the same growth rate of ATMP. From ATMP 0ppm to 400ppm, it is discovered that T0 of 
H2O2 increases from 50 ć to 115 ć. From ATMP 400ppm on, the T0 of H2O2 almost no longer increases. 
3.1.2. Organic phosphate inhibition of hydrogen peroxide decomposition against the catalyst Fe3+ 
Fig. 3 and Table 4 show the impact of the curves of temperature vs time and pressure vs time of H2O2 doped with 
Fe3+ and ATMP of various concentrations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Curves of temperature vs time and pressure vs time of hydrogen peroxide  doped with Fe3+ and ATMP of  various concentrations. 
   Table 4. Calorimetric data from the adiabatic experiments of hydrogen peroxide doped with Fe3+ and mixes with ATMP of various 
concentrations. 
sample T0/ć Tmax /ć ᇞ Tad/ć (dT/dt) max/(ć. min-1) Pmax/MPa (dP/dt)max/(MPa. min-1) 
15% H2O2+100 ppmFe3+ RT 106 NA(invalid) 28 3.7 1.7 
15% H2O2+100ppmFe3+ 
+100 ppm ATMP 
30 120 90 37 3.9 2.5 
15% H2O2+100 ppmFe3+ 
+200 ppm ATMP 
60 148 88 40 4.1 2.9 
 
From Table 4, when the concentration ratio of Fe3 + and ATMP is 1:1, the maximum temperature rate is 
37 ć/min and the maximum pressure rate is 2.5 MPa/min. When the concentration ratio of Fe3 + and ATMP is 1:2, 
the maximum temperature rate and the maximum pressure rate increase to 40 ć/min and 2.9 MPa/min respectively. 
Table 5 shows the impact of Various concentrations of ATMP on the T0 of H2O2 doped with Fe3+.  
Fig. 4 shows that with the increase of the concentration of ATMP, T0 of samples will increase. But the T0 
increases slow down gradually. When the concentration of ATMP is 300 PPM, T0 almost no longer rises. 
Table 5. Impact of Various concentrations of ATMP on the T0 of H2O2 doped with Fe3+. 
sample(back pressure 3 MPa) 
27.5%H2O2+100ppm Fe3+ 
0ppmATMP 100ppmATMP 200ppmATMP 300ppmATMP 
T0/ć 30 75 90 95 
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Fig 4. Impact of Various concentrations of ATMP on the T0 of H2O2 doped with Fe3+. 
3.2. Dynamic analysis 
Reaction kinetic parameters provide an important basis for the evaluation of risk in adiabatic process, according 
to the Arrhenius formula, 
    
a
e RT
E
k A                                                                                 (2)
 
Take the exponential on both sides of the formula, there is 
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Assuming that the reaction of hydrogen peroxide with Fe3+ and stabilizers is the first order reaction, n = 1, then,    
 f
d dln ln
( )
T tk
T T
                                                                              (4)
 
where C0n-1 is the initial concentration of reactants, mol; n is the reaction order; R is the gas constant, 8.314  
J·mol-1·K-1; Tf  is the final temperature of the runway reaction, ć; T0 is the exothermic onset temperature, ć; k is 
the reaction rate constant, s-1; T is the temperature, ć; A is the pre-exponential factor, s-1; Ea is the activation energy, 
kJ·mol-1. 
Take the adiabatic decomposition parameters from the VSP2 test in type (5) and get the changes of K and T [15]. 
From Fig. 5, lnk and -1000/T relationship approximates to linear relationship. The hypothesis is confirmed: the 
reaction is first order reaction. According to type (3), A and Ea can be computed from the linear intercept and slope. 
Results of A and Ea are shown in Table 6. 
From Table 6, with the increase of concentration of ATMP, activation energy and pre-exponential factor increase. 
Under the effect of the organic multiple phosphate stabilizer, the apparent activation energy of H2O2 and H2O2 & 
Fe3+ increases. The decomposition reaction becomes more difficult, and a higher reaction temperature is required, 
and the risk of thermal runaway is getting lower. 
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Fig. 5. The correlation between lnk and -1000/T. 
Table 6. Reaction kinetics parameters of samples. 
sample R2 intercept slope A/s-1 Ea/kJ·mol-1 
15%H2O2 0.99361 24.45 11.06 4.17×1010 92 
15% H2O2+100ppmATMP 0.99936 33.63 13.44 4.03×1014 111.7 
15% H2O2+100ppmFe3+ 0.99526 20.05 8.756 5.12×108 72.8 
15% H2O2+100ppmFe3++100ppmATMP 0.99608 24.92 10.96 6.63×1010 91.2 
15% H2O2+100ppmFe3++200ppmATMP 0.99518 28.18 12.26 1.73×1012 101.9 
3.3. The time for the formation of thermal explosion under the adiabatic condition 
The TMRad is an important basis for estimating the odds of thermal runaway under the adiabatic condition and it 
is a very important parameter in thermal hazard assessment. 
The criteria for evaluating the possibility of runaway reaction is shown in Table 7[16]. 
Table 7. The criteria for evaluating the possibility of runaway reaction. 
TMRad(h) possibility 
TMRad≤1 high often 
1˘TMRad≤8 likely 
8˘TMRad≤24 moderate possible 
24˘TMRad≤50 low rare 
50˘TMRad≤100 very rare 
100˘TMRad almost impossible 
 
Calculation formula[17] is shown as follows, 
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ad
2
a
1 pc RTTMR
kQE)                                                                               (5)
As the sample contains the same material, the adiabatic temperature rise of ᇞ Tad is about 90 ć in the reaction 
process.     
ad= 90 3.72=334.8J/gpQ T c'  u                                                               (6) 
where cp is the specific heat, J·g-1·ć-1; Q is the reaction heat, J·g-1; ΔTad is the adiabatic temperature rise, ć. 
From Table 8, when the storage temperature is 25 ć, the TMRad of 15% H2O2 is 7.1 h; When the concentration 
of TMRad  in H2O2 reaches 100 ppm, the time to the maximum reaction rate is obviously longer; When H2O2 mixes 
with 100 ppm Fe3+, TMRad is only 0.32 h, leaving the operator a short reaction time. Once the reaction is out of 
control, it is easy to cause an accident of runaway reaction. With the increase of the amount of ATMP, TMRad also 
increases. With or without Fe3+ in H2O2, the ATMP as a stabilizer can improve the storage stability of H2O2. With 
the increase of its concentration in the H2O2, the possibility of runaway decreases. 
Table 8. Assessment of the possibility for runaway reaction (T0=25 ć). 
sample TMRad(h) Possibility 
15% H2O2 7.1 likely 
15% H2O2+100ppmTMRad 67.8 very rate  
15% H2O2+100ppmFe3+ 0.32 often 
15% H2O2+100ppmFe3++100ppmTMRad 3.2 possible 
15% H2O2+100ppmFe3++200ppmTMRad 8.5 occasional 
4. Conclusions 
(1) The initial exothermic decomposition temperature of H2O2 is 50 ć, and the activation energy is 92 kJ/mol, 
and the pre-exponential factor is 4.17×1010. At 25 ć, the TMRad is 7.1 h. Under the influence of the organic 
phosphate stabilizer, T0 increases to 80 ć, and continues to increase with the increase of concentration of ATMP, 
but the increase slows down gradually. At the same time, the activation energy increases to 111.7 kJ/mol and the 
pre-exponential factor increases to 1 4.03 x 1014, TMRad to 67.8 h. The stabilizer has a significant inhibitory effect 
on H2O2 decomposition under the condition of temperature changes. 
(2) The H2O2 decomposition reaction,with the addition of 100 ppm Fe3+, could occur at room temperature. The 
activation energy is 72.8 kJ/mol, and the pre-exponential factor is 5.12×108. When the initial temperature is 25 ć, 
TMRad is 0.32 h. Compared with H2O2 containing 100 PPM Fe3+, when H2O2 mixes with ATMP, the initial 
exothermic decomposition temperature(T0) is raised. With the increase of the concentration of ATMP, the activation 
energy and pre-exponential factor have greatly increased. The possibility of reaction out of control is reduced to 
"occasional". The stabilizer can effectively delay the Fe3+ catalytic decomposition of H2O2. 
(3) For the initial exothermic decomposition temperature of H2O2, there is a working limit on the concentration of 
ATMP. Under the influence of 400ppm ATMP, it is discovered that T0 of H2O2 increases from 50 ć to 115 ć. 
From ATMP 400 ppm on, the T0 of H2O2 almost no longer increases. 
(4)The organic phosphate stabilizer raises the T0 and TMRad to different degrees, and in each sample testing ΔTad 
is always around 90 ć. Therefore, the potential severity remaining the same, the possibility of accident is reduced, 
which indicates that the multiple organic phosphate stabilizer can reduce the risk of thermal runaway of H2O2. 
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